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FIG. 1

Combining water, enteric material

0

and an emulsifier 10
Adding hydrophobic liquid 200
Mixing to create an emulsion 300
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FI1G. 2

Table-1 Data analysis for samples from examples 2, 4 and 5

a-Pinene P~ Linalo
(wt %) | Cymene ol
(wt%) | (wt %)

!. inlie——

Example 2 0.59 5.6

Example 4 I 2.1 3.1 2.5
Example 5 0.75 2.8 l 1.0
FI1G. 3
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[

SHELLAC with Soybean Oil, AA100407-1: % Release of Active Essential Oils
in Small Intestine after 1/2 Hour Stomach Incubation
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F1G. 4

ZEIN with Soyhean Oil, AA100207-1: % Raloase of Active Essential Oils  In Small
Intestine after 1/2 Hour Stomach Incubation
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FIG. 5

75% SHELLAGC / 25% ZEIN with SBO, AA100507-1: % Release of Active EOs
in Small Intestine after 1/2 Hour Stomach Incubation
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FIG. 6

L
S e S

In-Vitro Model, pH 7.5, 95% Shellac / 5% Zein with Esters, AA032408: %
Essential Qils & Esters Detected after Specified Incubation Time, Trial #3

80 —&— a-Finene

—&— p-Cymene

—4— Linalyl Acetate
sSum

—a— Thymyl Acetate
Sum




US 8,765,030 B2

1

PREPARATION OF AN ENTERIC RELEASE
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of prior application Ser.
No. 12/479,454, filed Jun. 5, 2009, which 1s hereby incorpo-
rated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The present application relates to methods for microencap-
sulating a hydrophobic liquid with an enteric matrix without
use ol organic solvents. More particularly, the hydrophobic
liquid 1s microencapsulated 1n an aqueous environment.

BACKGROUND

Enteric delivery of active materials in food delivery appli-
cations has been limited. Enteric delivery systems are com-
monly utilized when the active materials or medicants are
known to be sensitive to low pH or have undesirable flavor
and/or taste characteristics which cannot be effectively
masked by other methods. Generally, enteric delivery 1s
accomplished using tablets and gel capsules. However, those
particular delivery methods are not well suited for food appli-
cations. In particular, neither tablets nor capsules are sized to
be mtegrated into most existing food products.

An alternative process for enteric delivery 1s microencap-
sulation. Microencapsulation 1s generally performed using
specialized equipment or in an environment including
organic solvents. These methods require additional capital
expenditures and the use of additional materials, such as the
organic solvents, which may or may not be usable 1n subse-
quent microencapsulation cycles. As a result, the process of
microencapsulation requires investments in both equipment
and organic solvent procurement and disposal.

SUMMARY

A method 1s provided for microencapsulating an active
ingredient within an enteric matrix 1 an aqueous environ-
ment and without the use of organic solvents. Microencapsu-
lating 1n an aqueous environment allows for easier working
conditions and reduced organic waste.

A method 1s provided for microencapsulating an active
ingredient with an enteric matrix. The method includes agi-
tating or mixing a combination of water, an enteric matrix
material, and an emulsifier, at a pH that maintains complete
dissolution of the enteric polymers being utilized, the com-
bination being substantially free of organic solvents. A hydro-
phobic liqud 1s then added to the combination. The hydro-
phobic liquid and combination 1s then agitated to create a
coarse emulsion, followed by homogenization to create a fine
and stable emulsion.

The emulsion can then be acid titrated under controlled
mixing conditions in an amount and a rate effective to form a
particulate precipitate. Further, the particulate precipitate can
be filtered, washed and dried to form a powder. In one
embodiment a surface o1l remover can be added to the pre-
cipitate after filtering to remove surface o1l from the microen-

capsulated material.
Further, a composition 1s provided which includes a hydro-
phobic liquid and a cross-linked enteric matrix.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 illustrates a method for microencapsulating a hydro-
phobic liquid;
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2

FIG. 2 1s an analysis of the products of Examples 2, 4 and
S,

FIGS. 3-5 illustrate release rates of the hydrophobic liquid
using various enteric matrix materials as discussed in
Example 6; and

FIG. 6 1llustrates the release rate of the hydrophobic liquid
including esters therein as discussed in Example 7.

DETAILED DESCRIPTION

A method for microencapsulating a hydrophobic liquid 1s

generally described 1n FIG. 1.

As shown 1n FIG. 1, water, an enteric matrix material and
an emulsifier are subjected to agitation until the enteric matrix
material and emulsifier are fully dispersed 1n the water 100.
Generally, the emulsifier and enteric matrix material can be
added to the water together or separately, with either being
added first. The pH of the dispersion 1s generally between
about 7.2 and 9.0. In some embodiments, a base, such as
sodium, ammonium or potasstum hydroxide, can be added to
the dispersion to raise the pH to a range from about 7.1 to
about 12.0 to guarantee and maintain complete dissolution of
the enteric polymers without the use of organic solvents.

Asused herein, “agitation” or “agitated” refers to the use of
a top entering mixer with impeller or a rotor/stator mixing
device operating at a speed of less than 10,000 RPM.

As used herein, “substantially free of organic solvent
refers to an amount of added organic solvent, such as 1sopro-
panol or ethanol or any other organic solvent less than the
amount required to enable solubility of the enteric material
under the processing conditions. Preferably, the amount of
added organic solvent 1s less than about 0.1 percent by weight
of the combination of water, emulsifier and enteric material.

In one embodiment, the water 1s deionized water.

The enteric matrix material used herein 1s any food grade
enteric polymer, of a combination or two or more food grade
enteric polymers. Preferably, the enteric matrix material 1s
either shellac or zein or a combination thereof. As discussed
below, the ratio of shellac to zein can be predetermined to
achieve the desired release rate after ingestion, with a
decreased release rate corresponding with an increased ratio
of shellac to zein. The shellac can commercially be provided
as an alakaline (pH>7) aqueous solution, such as a water-
based solution having a solid content of about 25 percent by
weight or 1t can be prepared from commercially available
refined, bleached and dewaxed shellac powder. The shellac
dilution 1s substantially free of organic solvent, although 1t
may contain trace amounts of organic solvents, such as 1so-
propyl alcohol (such as can be included 1n commercial prod-
ucts), to act as a carrier for other ingredients in the shellac
solution, such as methyl and propyl parabens. Preferably, the
prepared shellac solution does not contain any organic sol-
vents.

Preferably, the enteric matrix material comprises a combi-
nation of shellac and zein, with zein comprising at least about
5.0 percent of the enteric matrix material by dry weight. Due
to differences 1n hydration and solubility of zein and shellac,
particularly the solubility at varying pHs and rates of hydra-
tion and solubility, different ratios of shellac to zein provide
different enteric dissolution properties as well as differing
degrees of core material protection 1n the final product, such
as beverages.

The emulsifier described herein 1s any food grade emulsi-
fier. In preferred embodiments, the emulsifier 1s polysorbate,
polyglycerol ester, sucrose stearate, sucrose esters, proteins,
lecithins or combinations thereof.

22
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Generally, water comprises about 50.0 percent to about
95.0 percent of the dispersion by weight and preferably from
about 70.0 to about 95.0 percent, and more preferably from
about 80.0 to about 90.0 percent. The emulsifier generally
comprises less than about 5.0 percent of the dispersion by
weight, preferably from about 0.01 to about 1.0 percent by
weight, and more preferably about 0.01 to about 0.1 percent
by weight of the dispersion. The zein, shellac or combinations
thereolranges from about 1.0 percent to about 10.0 percent by
weight, preferably from about 4.0 to about 9.0 percent, and
more preferably from about 5.0 percent to about 8.0 percent
by weight of the dispersion.

Upon forming the dispersion, a hydrophobic liquid 1s
added 200 and agitated to provide a coarse emulsion having a
droplet size of more than about 10 micrometers. After the
coarse emulsion 1s formed, the coarse emulsion 1s subjected
to homogenization to create a fine, stable emulsion 300. The
fine, stable emulsion has a droplet size of less than about 10
micrometers. Within the fine emulsion, the hydrophobic lig-
uid 1s homogeneously dispersed 1n the form of fine droplets
throughout. Preferably, the hydrophobic liquid 1s added in
amount ranging from about 2.0 to about 7.0 percent of the
emulsion by weight. More preferably, the hydrophobic liquid
1s added 1n an amount ranging from about 3.0 to about 6.0
percent of the emulsion by weight. The emulsion includes
from about 60.0 to about 95.0 percent water.

As used herein, “homogenization” or “homogenized”
refers to the use of a rotor/stator mixing device operating at a
speed greater than 10,000 RPM or a valve homogenizer oper-
ating at a pressure of 500-10,000 psi.

The hydrophobic liquid can comprise any mixture of
hydrophobic liquids and solids, such as solids mixed or com-
bined therewith or dissolved or solubilized therein. As an
example, hydrophobic liquid can be selected to include mate-
rials which are desired to be released 1n the small intestine
rather than the stomach due to pH sensitivity. As an example,
the hydrophobic liquid can include compositions described in
U.S. Patent Publication No. 2008/0145462 to Enan. For
example, the hydrophobic liquid includes 25-35% by weight
para-cymene, 1-10% by weight linalool, 1-10% by weight
alpha-pinene, 35-45% by weight thymol, and 20-30% b
weight soybean oil.

In particular, the hydrophobic liquid described herein can
include an essential o1l blend which possesses anti-parasitic
properties. In one preferred embodiment, organic compounds
are blended with food grade o1l, 1.e. soybean oil. Further, the
organic compounds can include thymol and linalool. In a
turther preferred embodiment, the organic compounds fur-
ther include alpha-pinene and para-cymene. As discussed in
the examples below, one exemplary blend includes, by
weight, about 17.5 percent soybean o1l, about 8 percent alpha-
pinene (liquid), about 44 percent para-cymene (liquid), about
5 percent linalool (liquid) and about 25.5 percent Thymol
(crystal). In an alternative embodiment, the hydrophobic lig-
uid 1ncludes esters, such as esters of linalool and thymol, as
described 1n co-pending application Ser. No. 12/479,444,
filed the same day as this application and which 1s incorpo-
rated herein by reference.

Other suitable examples of a hydrophobic liquid include
unsaturated and polyunsaturated OMEGA 3, other unsatur-
ated and polyunsatured lipids or fatty acids and triglycerides
thereol, beta-carotene, and o1l soluble vitamins, stomach irri-
tants, or any other hydrophobic materials that are either sen-
sitive to acidic pH conditions or impart strong undesirable
taste.

The emulsion 1s then acid titrated 400. During acid titration
the emulsion can be subjected to agitation or homogenmization
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4

(not high pressure homogenization), preferably agitation.
Acid 1s titrated 1 an amount effective to decrease the pH
below the 1soelectric point, such as a pH of about 7.0, causing
phase separation and inducing precipitation of the enteric
matrix out of solution with the hydrophobic liquid being
microencapsulated therein, thus creating a slurry of an aque-
ous solution and precipitate. The slurry includes a particulate
precipitate having a particle size from about 1.0 to about
1000.0 micrometers, preferably about 10.0 to about 500.0
micrometers, and more preferably from about 75.0 to about
250.0 micrometers. More preferably, precipitation occurs at a
pH ranging from about 3.0 to about 6.5, and preferably from
about 3.0 to about 5.0.

While not wishing to be limited by theory, 1t 1s believed that
as the pH of the emulsion drops below the 1soelectric point,
both the shellac and zein particles may cross-link to like
particles or to one another to form a matrix, the hydrophobic
liquid being microencapsulated within the matrix. As a result
of the cross-linking, the hydrophobic liquid i1s homoge-
neously dispersed throughout the matrix. The matrix further
provides a seal for the hydrophobic liquid. As a result, the
impact of the hydrophobic liquid on the organoleptic qualities
ol the fimshed powder 1s correlated to any hydrophobic liquid
remaining adhered to the outer surface of the enteric matrix.

The acid can be any food grade acid. More preferably, the
acid 1s a weak food grade acid. Further, 1n a preferred embodi-
ment the acid 1s citric acid.

As noted above, the composition of the enteric matrix
material affects the dissolution rate and the protection pro-
vided by the enteric matrix. As a result, the rate and amount of
acid addition varies based on the enteric matrix materials
used.

To reclaim the precipitate, the slurry 1s filtered 500, washed
600 and dried 700. In one embodiment, the slurry 1s filtered,
the resultant slurry cake 1s then washed and refiltered prior to
drying. Preferably, the surface o1l on the outer surface of the
particulate precipitate 1s less than about 1.0 percent by weight
of the final product.

In a preferable embodiment, a surface o1l remover 1s added
alter filtering to aid in removing residual surface o1l from the
precipitate, as described 1n co-pending application Ser. No.
12/4°79,433, filed the same day as this application and which
1s incorporated herein by reference. Further, the surface oil
remover can also be added prior to the refiltering step.

After the precipitate has been filtered and washed, the
precipitate 1s dried to form a powder. Drying can be con-
ducted at room temperature such that the powder has a mois-
ture content of less than about 10.0 percent, more preferably
to a moisture content of about 5.0 to about 6.0 percent.

Further, the powder can be pulverized using known meth-
ods to reduce the particle size of the powder precipitate, and
then further dried to a moisture content of less than about 5.0
percent by known methods, such as with a fluidized bed dryer.
The resultant particles have a particle size ranging from about
1.0 to about 1000.0 micrometers, preferably from about 10.0
to about 500.0 micrometers, and more preferably from about
75.0 to about 250.0 micrometers.

When drying the powder, the temperature should be main-
tained between about 25 C to about 70 C, preferably 35 C to
about 60 C, and more preferably between 35 C and 45 C.

During other processing steps, 1t 1s preferable to maintain the

temperature between about 4 C to about 40 C, more prefer-
ably 4 C to 30 C, and further preferable from about 15 C to
about 28 C.
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The resultant powder can be further processed, such as
applying a coating of enteric material around the enteric
matrix. The enteric coating material can include any food
grade enteric polymer.

EXAMPL.

(Ll

#1

100 Percent Shellac as the Enteric Matrix Material

An essential o1l blend was prepared by blending 8 percent
alpha-pinene (liquid), 44 percent para-cymene (liquid), 5 per-
cent linalool (liquid), 25.5 percent Thymol (crystal), and 17.5
percent soybean o1l. Mixing 1n a glass beaker with stirring bar
was typically carried out until all of the Thymol crystals are
dissolved.

In a large beaker the following steps were carried out 1n the
order specified: 1200 g of deionized (DI) water was added to
the beaker, and then 300 g of the stock solution of 25 percent
shellac (MarCoat solution from Emerson Resources Inc.) was
mixed 1n under agitated conditions such that the pH of solu-
tion ranges from about 7.2 to about 9.0. While agitating, 0.8 g
of polysorbate 85 was added and mixed for 1-2 minutes for
tull dispersion. Next, 35 g of essential o1l blend was slowly
added under agitated conditions to form a coarse emulsion.
Once the whole amount of o1l was dispersed, the mix was
homogenized at 12500 rpm for 5 minutes using Fisher Sci-
entific PowerGen 700D Homogenizing System with 200
mmx2> mm Generator.

The emulsion was then subjected to agitation and, while
mixing, 2.0 percent citric acid solution was titrated 1n at slow
rate while monitoring the resultant change 1n pH. Titration
continued until the pH reached 4.4, aiter which S102 (AB-D
from Pittsburgh Plate Glass Industries) was added (5 g S102,
in 200 g water, and the slurry was mixed for 15-20 minutes.

The slurry was then filtered by pouring the slurry over a 200
mesh screen with 75 micrometer holes. The particulates on
the top of the screen were resuspended 1n 1000 g water with
3.5 g S102. The slurry was mixed for 30-60 seconds and then
re-filtered. The washing was repeated one more time as
above, the filtrate was collected, spread on tray and allowed to
dry at room temperature for overnight (to a moisture content
of between about 5.0 to about 6.0 percent).

A sample was analyzed for percent Payload of each com-
ponent and total.

Results: Total payload=17.5 percent

Alpha-pinene=0.7 percent

Para-cymene=3.2 percent

Linalool=1.0 percent

Thymol=7.0 percent

Soybean 011=5.6 percent

EXAMPLE 2

Scalability of the Process Using 100 Percent Shellac
as a Matrix Matenal

12 kg of water was added to a mixing tank, then 3 kg of 25
percent shellac solution was added and mixed with the water,
the whole mixture was adjusted to a pH of about 8.0 by adding
10.0 percent sodium hydroxide solution. 5 g of sucrose stear-
ate was added and mixed for 1-2 minutes, and then 400 g of
essential o1l blend (as described 1n Example 1) was added
slowly. The mixture was homogenized as in Example 1 to
prepare a stable emulsion.

The emulsion was then titrated with 2 percent citric acid
solution until pH reached 4.4, and then 75 g of S102 was
added and mixed 1n for about 20 minutes. The slurry was then
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filtered using a 200 mesh (75 micrometer) screen. The filter
cake was re-suspended in 20 Ib of water with 50 g S102,
mixed for about 5 minutes, and then re-filtered on a 200 mesh
screen. The washing was repeated one more time, and the
final filter cake was spread on a large tray for overnight drying
at room temperature. The next day, the product was pulver-

ized 1n a warring blender, and then tluid bed dried at 40 C.
Collected powder was sifted through a 35 mesh (500

micrometer) screen. (See FI1G. 2 for the compositional analy-
S1S).

EXAMPLE #3

100 Percent Zein Powder (Corn Proteins) as the
Enteric Matrix Matenial

75 g of zein (F4000 from Freeman Industries) powder and
1200 g of DI water was combined 1n a large beaker, the zein
then dispersed in the water with agitation. Once the zein
powder was completely dispersed, 10 percent sodium
hydroxide solution was slowly titrated until the pH reached
11.3. At this pH, the zein powder was completely solubilized.
Next, 0.7 g of polysorbate 85 was added, agitated for 1-2
minutes, and then 30 g of essential o1l blend (as 1n Example 1)
was added. The mixture was homogenized as 1n Example 1.
The emulsion was then titrated with 2 percent citric acid
solution (as 1n Example 1) until pH reached 4.6. The slurry
was mixed for 15-20 minutes.

Filtering and washing was conducted as 1n example #1,
except no S102 added. Filtrate was collected and dried on a
tray at room temperature for overnight. Sample was analyzed
for percent payload of each component and total.

Results: Total payload=19 percent

Alpha-pinene=0.9 percent

Para-cymene=4.1 percent

Linalool=0.9 percent

Thymol=6.5 percent

Soybean 011=6.7 percent

EXAMPLE #4

Scalability of the Process Using 100 Percent Zein as
the Enteric Matrix Material

In a large mixing tank with propeller overhead mixer, 12 kg
of water was added 1n to the tank, and then 10 g of sucrose
ester (S-1570 from Mitsubish1 Kagaku Corporation, Tokyo,
Japan) was dispersed 1n the tank. 750 g of zein powder was
dispersed 1n, and then 10 percent sodium hydroxide solution
was metered i while mixing until pH reached 11.3. The
dispersion was mixed until the zein powder was completely
dissolved. Next, 400 g of essential o1l blend (as in Example 1)
was slowly added. Once all the o1l was dispersed, the mixture
was homogenized for 5 minutes to create an emulsion as in
Example 1.

The emulsion was then titrated with 2 percent citric acid
solution under agitation until pH reached 3.8. The slurry was
allowed to mix for an extra 10 minutes. The mixture was
transierred into separate containers, allowed to stand for a few
minutes so the precipitated particulates could settle at the
bottom.

The supernatant was decanted onto a large 200 mesh screen
followed by screening the remaining particulates. The filtrate
on top of the screen was re-suspended 1n 9 kg of acidified
water (pH 3.5), contaiming 20 g S102, mixed for a few min-
utes and then decanted and filtered. This washing step was
repeated one more time, the rinse water containing 20 g S102,
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after filtering the filter cake was collected, spread thin on a
tray and allowed to dry overnight at room temperature. The
semi-dry powder was pulverized and then fluid bed dried at
40° C. to target moisture (less than S percent). Final product
was sifted through a 35 mesh (500 micrometer) screen. See
compositional analysis in FIG. 2.

EXAMPLE 5

Matrix Containing 75 Percent Shellac & 235 Percent
Zein

Similar to example 4, 12 kg of water was added to a mixing
tank, 7.5 g of sucrose stearate (5-1570) was added and mixed
for 1-2 minutes. Then 2.25 kg of 25 percent shellac solution
was added, followed by 187.5 g zein powder. 10 percent
sodium hydroxide was metered in until pH reached 11.3 (to
solubilize zein). Once the zein powder was completely 1n
solution, 400 g ot essential o1l blend (as described 1n Example
1) was added. The mixture was homogenized as in Example
1, and then the emulsion was titrated to pH 3.9 waith citric acid
solution. 75 g of S102 (Flow Guard AB-D) was added and
mixed for about 20-30 minutes. Filtering, washing, and dry-
ing processes were carried out in a similar fashion as
described in example 4. Final powder was sifted through 35
mesh (500 micrometer) screen. See FIG. 2 for compositional
analysis.

EXAMPLE #6

In Vitro Testing of Simulated Release 1n Stomach
and Small Intestine

This example 1s mtended to show the release rate and
profile of actives from the matrix of the microcapsules from
Examples 2, 4, and 5. Release from enteric microcapsule
samples was evaluated by sequential simulation in Stomach
Simulation Solution (10 mg/ml pepsin, 2 mg/ml NaCl, pH
2.0) for 30 min followed by Small Intestinal Stmulation Solu-
tion (10 mg/ml pancreatin, 2.4 mg/ml bile salt, pH 6.8) for up
to 24 hr at 37 C. Samples were taken at pre-determined time
intervals and analyzed for release of individual actives.

The release profile 1s different for the three compositions.
When the matrix was made up of 100 percent shellac (as seen
in FI1G. 3), the release continued to have a gradual increase but
never reached complete release even after 12 hrs. On the other
hand, the release can be characterized as having a quicker
release rate and higher total release when the matrix 1s made
up of 100 percent zein (about 80 percent of the total pay load
1s released at the first hour 1n the intestinal conditions) (see
FIG. 4). The combination of the shellac and zein (See FIG. 5)
show a higher rate than 100 percent shellac, but lower than
100 percent zein, and the release seem to be sustained at a
slow rate with a maximum after 6 hours.

EXAMPLE #7

This Example Demonstrates the Microencapsulation
of O1l Blend Containing Two Esterified Components
(Thymol Acetate and Linalool Acetate 1n
Combination with Alpha-pinene, Para-cymene, and

Canola O1l)

In a beaker, 2400 g of water was added and then, with
agitated mixing, 7.5 g of zein powder was dispersed 1n the
water. 10 percent sodium hydroxide solution was metered
into the dispersion until pH reached 11.3 (to solubilize the
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zein powder). Next, 570 g of 25 percent shellac solution and
1.0 g sucrose stearate (S-1570) were added, followed by 70 g
essential o1l blend (18.8 percent canola o1l, 8.6 percent alpha-
pinene, 39.8 percent para-cymene, 5.4 percent Linalool
acetate, 27.4 percent Thymol acetate), which was added
slowly to the mix. The emulsion was then homogenized (as 1n
Example 1) using a Fisher Scientific PowerGen 700D
Homogenizing System with 200 mmx25 mm Generator at
15000 rpm for 4 minutes, then at 20000 rpm for 1 minute.

The emulsion was then titrated with 3.0 percent citric acid
solution to pH 4. Then, 280 g of 10 percent sodium chlornde
solution was added 1n, and 15 g S102 was added and allowed
to mix for 30 minutes. The slurry was then filtered and washed
similar to that described 1n example #1. The washed filter
cake was spread on a tray to dry overnight, and then further
dried 1n a fluid bed dryer at 40 C, powder was sifted and
product passing through 35 mesh (500 micrometers) s1ze was
collected. Final moisture was 4.7 percent.

The release rate 1s shown 1n FIG. 6. In particular, while the
overall release of the essential o1l composition was not as high
as 1 FIGS. 3-5, the imitial release (through 1 hour) was lower
than the compositions illustrated in FIGS. 3-5.

Analysis:

Total payload=18.3 percent

Alpha-pinene=0.9 percent

Para-cymene=3.8 percent

Linalool acetate=1.2 percent

Thymol acetate=6.6 percent

Canola 01]1=3.8 percent

EXAMPLE #38

Preparing Cream Water with Microencapsulated
Essential O11 Wafer Filling

White cream {illing was prepared by mixing in a Hobart
mixer, pre-melted 750 g of San-Trans fat plus 0.5 g of liquad
soy lecithin, with confectionary sugar (powder sugar), until
smooth and homogeneous. Filling was transferred into a con-
tainer and cooled down for later use.

Waler cracker sheets were purchased from local grocery
store. 97.8 g of cream filling was softened by warming up 1n
a microwave oven. To filling, the following was added: 1.46 g
of microencapsulated material, 0.15 g citric acid, 0.5 g
Lemon o1l flavor, one drop of beta-carotene for yellow color.
The filling was spread on the cracker sheet (1-2 mm thick),
and then another sheet was applied onto the top. The cracker
sheet sandwich was then cooled 1n a refrigerator for about 30
minutes, and then 1t was cut to different sizes (cracker size). A
similar formulation, double and triple layer crackers were

also prepared. Other flavor varieties were also evaluated
including chocolate and fruit flavors.

EXAMPLE 9

Cracker Sandwich with Filling Including the
Microencapsulated Materal

A cracker sandwich with microencapsulated powder incor-
porated into the filling was prepared as follows:

Filling:

1) Fat portion: In a glass beaker, 2000 g of Shortening
San-Trans 39 was melted 1n microwave oven for about 3
minutes until 1t became a clear liquid, 0.8 g of soy lecithin was

added.
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2) Solid blend portion: In a Hobart mixer, the following
was dry blended: 100 g lactose, 10 g salt, and 249.4 g Mal-

todextrin (5 D.E.).

The melted fat was poured onto the dry blend 1n the Hobart
Mixer, and allowed to mix for at least 5 minutes (to form a
homogeneous mix). The filling was transierred into a con-
tainer and used as a stock filling. Cracker sandwich: 100 g of
cheese filling was warmed up 1n a microwave oven for 30
seconds and to the softened filling, 1.4 g of the microencap-
sulated material was mixed 1n, and also various seasoning and
flavor blends. 18 g of the filling was sandwiched between two
crackers, and allowed to cool down. Different flavor varieties
of cracker sandwiches were evaluated including, nacho, taco,
Italian herb, and oriental seasoning. Filling was also evalu-
ated with different type of crackers, including Saltine, Ritz
and others. When evaluated, the crackers containing microen-
capsulated essential o1l were pleasantly acceptable.

EXAMPL.

L1l

10

This Example Demonstrates the Encapsulation of the
Essential Oils, Followed by Surface O11 Removal as
Disclosed 1n co-pending application Ser. No.

12/4779,433.

In a beaker, 2400 g of water was added in and then with
overhead low shear mixing, 37.5 g of zein powder was dis-
persed 1. 10% sodium hydroxide solution was metered in
until pH reached 11.3 (to solubilize the zein powder). 450 g of
25% shellac solution was added 1n. 1.4 g sucrose stearate
(S-1570) was added 1n, and then 80 g essential o1l blend (13%
canola o1l, 10% alpha-pinene, 25% Para-cymene, 12% Lina-
lyl acetate, 40% Thymol acetate) was added slowly to the
mix. The emulsion was then homogenized using an IKA
Works 125 Basic Ultra Turrex with 200 mmx20 mm Genera-
tor at 17,500 rpm for 1 minute, then at 24,000 rpm for 3
minutes.

The emulsion was then titrated with 3% citric acid solution
until the pH reached 3.8. Then, 15 g S102 (Flo Guard FF,
average size of 18 micrometers) was added 1n and allowed to
mix for 30 minutes. The slurry was then filtered by pouring
over a filter cloth with <5 micro-meters holes. The particu-
lates on the filter cloth were then resuspended nto 2000 g
water containing 0.5 g citric acid, 0.5 g sucrose stearate
(S-1570), and 7.5 g S102 (Flo Guard FF). The slurry was
mixed for 15 minutes and then re-filtered. The washing was
repeated one more time as above, then filter cake was col-
lected. The filter cake was then pressed by placing 1n a 30
micrometers filter bag in a press box and squeezing in a
cheese press at 20 ps1 for 20 minutes to remove more of the
water. The press cake moisture was 18.8%.

The press cake was mixed with 50 g S102 (Flo Guard FF)
in a 5 quart Hobart mixer with a whip at speed set at 1 for 5
minutes. The material from the Hobart mixer was ground in a
Fitz Mill Model DA S06 Comminutor with hammers forward
at the highest speed using a 1532-0020 perforated plate. The
ground material was tumbled using jar tumblers for 60 min-
utes. The batch was then dried 1n a Uni-Glatt Fluid Bed Dryer
at 40° C. for 20 minutes. The dried batch was screened and
only particles between 75-250 micrometers were collected.

% alpha- % para- Linalyl Thymyl
Piene Cymene  acetate acetate Total
Total Loading 0.84 2.70 1.50 6.40 11.44
Surface Oils <0.001 0.007 0.003 0.021 0.031
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EXAMPLE #11

Preparing a Powdered Beverage with
Microencapsulated Material

Fruit flavored powdered beverages were purchased from a
supermarket, and both orange and mango type were used to
prepare a low pH powdered soft drink. Powdered sofit drinks
such as fruit based type are 1deal for the delivery of enteric
active compounds for several reasons: 1) The powdered drink
can ¢asily be dry blended with microencapsulated matenal,
and provide shelf stability for extended period of time, 2)
when reconstituted, the beverage has an acidic pH (simuilar to
stomach pH), no early release, and, therefore, no adverse
cifect on taste, 3) Beverages are typically consumed within a
very short period of time.

The orange type powdered beverage was sweetened with
sugar and artificial sweetener and was dry blended with the
microencapsulated essential o1l from example #10. A single
serve portion, such as about 7 g of orange powder, was dry
blended with 0.48 g of microencapsulated powder (active
payload=11.44 percent), the amount selected to provide the
desired functional benefit of the microencapsulated hydro-
phobic liquid. Additionally 0.35 g of Carboxy methyl celluo-
lose (CMC 7THXF)was added to the dry blend to provide extra
viscosity and better suspendability. The dry blend was recon-
stituted 1nto 200 ml of cold water. The beverage was tasted
alter 5 & 60 minutes after reconstitution by an informal
sensory panel. Testing by a sensory panel demonstrated suc-
cessiul masking of the essential o1l blend 1n the orange type
beverage.

A similar evaluation was made with mango type beverage
with similar results.

While the mvention has been particularly described with
specific reference to particular process and product embodi-
ments, 1t will be appreciated that various alterations, modifi-
cations, and adaptations may be based on the present disclo-
sure, and are intended to be within the spirit and scope of the
invention as defined by the following claims.

What 1s claimed 1s:

1. A method of microencapsulating an active ingredient
with an enteric matrnx, the method comprising:

a) agitating a combination of water, an enteric matrix mate-
rial, and an emulsifier at a pH above a solubility of the
enteric matrix material to maintain complete dissolution
of the enteric matrix material, the combination substan-
tially free of organic solvents, wherein the enteric matrix
material 1s selected from the group consisting ol non-
deamidated zein, shellac, and mixtures thereof:;

b) adding a hydrophobic liquid to the combination;

¢) homogemzing the hydrophobic liquid and the combina-
tion to create an emulsion; and

d) acid titrating the emulsion under agitated conditions 1n
an amount effective to form a particulate precipitate
having enteric functionality, wherein the acid 1s a food
grade acid, and wherein the emulsion 1s free of oppo-
sitely charged particles.

2. The method of claim 1 wherein the emulsion 1s acid

titrated to a pH 1n the range of about 3.0 to about 6.3.

3. The method of claim 1 further comprising (e) filtering,
washing and drying the particulate precipitate to produce a
dry powder.

4. The method of claim 1 further comprising (b1) agitating,
the hydrophobic liquid and combination to create a coarse
emulsion prior to homogenization.
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5. The method of claim 1 further comprising (d1) adding a
surface o1l remover to the particulate precipitate 1n an amount
elfective to reduce residual surface oil.

6. The method of claim 1 further comprising (al) adding a
base 1n an amount effective to adjust the pH to about 7.1 to
about 12.0.

7. The method of claim 6 wherein the base i1s sodium
hydroxide.

8. The method of claim 6 wherein the base 1s potassium
hydroxide.

9. The method of claim 6 wherein the base 1s ammonium
hydroxide.

10. The method of claim 1, wherein the enteric matrix
materal 1s selected for providing a specific release rate.

11. The method of claim 1 wherein the emulsifier 1s a food
grade emulsifier.

12. The method of claim 1 wherein the emulsifier i1s
selected from the group consisting of polysorbate, polyglyc-
erol ester, sucrose stearate, sucrose esters, protein, lecithin
and mixtures thereof.

13. The method of claim 1 wherein the hydrophobic liquid
comprises an essential oil.

14. The method of claim 1 wherein the hydrophobic liquid
comprises linalool and thymol.

15. The method of claim 1 wherein the hydrophobic liquid
comprises alpha-pinene, para-cymene, linalool and thymol.

16. The method of claim 15 wherein the hydrophobic lig-
uid 1includes a triglyceride.

17. The method of claim 1 wherein the hydrophobic liquid
comprises linalyl ester and thymyl ester.

18. The method of claim 1 wherein the hydrophobic liquid
comprises unsaturated and polyunsaturated fatty acids.

19. The method of claim 1 wherein the hydrophobic liquid
comprises unsaturated and polyunsaturated lipids.

20. The method of claim 1 wherein the hydrophobic liquid
comprises beta-carotene.

21. The method of claim 1 wherein the hydrophobic liquid
comprises o1l soluble vitamins.

22. The method of claim 1 wherein the hydrophobic liquid
comprises a triglyceride.
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23. The method of claim 22 wherein the triglyceride 1s
soybean o1l.

24. The method of claim 21 wherein the triglycenide 1s
canola o1l.

25. The method of claim 1 wherein the acid 1s citric acid.

26. The method of claim 1 wherein the combination

includes from about 0.01 to about 3.0 percent by weight
emulsifier.

277. The method of claim 1 wherein the emulsion comprises
from about 2.0 to about 7.0 percent by weight hydrophobic
liquad.

28. The method of claim 1, wherein the particle precipitate
has a particle size ranging from about 1.0 to 1000.0 microns.

29. A method of microencapsulating an active ingredient
with an enteric matrix, the method comprising:

a) agitating a combination of water, an enteric matrix mate-
rial, and an emulsifier at a pH above a solubility of the
enteric matrix material to maintain complete dissolution
of the enteric matrix material, the combination substan-
tially free of organic solvents, wherein the enteric matrix
material 1s selected from the group consisting ol non-
deamidated zein, shellac, and mixtures thereof;

b) adding a hydrophobic liquid to the combination;

¢) homogemzing the hydrophobic liquid and the combina-
tion to create an emulsion; and

d) acid titrating the emulsion to a pH at or below an 1s0-
clectric point of the enteric matrix material under agi-
tated conditions with a food grade acid 1n an amount and
for a time effective to form a particulate precipitate
having enteric functionality, without substantial degra-
dation of the enteric functionality, and wherein the emul-
s1on 1s Iree of oppositely charged particles.

30. The method of claim 1, wherein the particulate precipi-
tate includes the hydrophobic liquid homogeneously dis-
persed throughout a matrix of the enteric matrix material.

31. The method of claim 29, wherein the particulate pre-
cipitate includes the hydrophobic liquid homogeneously dis-
persed throughout a matrix of the enteric matrix material.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

